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Primates reached a great abundance and diversity during the Eocene, favored by warm temperatures and
by the development of dense forests throughout the Northern Hemisphere. Here we describe new pri-
mate material from La Verrerie de Roches, a Middle Eocene karstic inﬁll situated in the Jura Region
(Switzerland), consisting of more than 80 dental remains. The primate assemblage from La Verrerie de
Roches includes ﬁve different taxa. The best represented primate is Necrolemur aff. anadoni, similar in
size and overall morphology to Necrolemur anadoni but resembling in some features the younger species
Necrolemur antiquus. Microchoerines are also represented by two species of Pseudoloris, P. pyrenaicus and
Pseudoloris parvulus, constituting the unique joint record of these two species known up to now. Remains
of Adapiformes are limited to one isolated tooth of a large anchomomyin and another tooth belonging to
the small adapine Microadapis cf. sciureus. The studied primate association allows assigning La Verrerie
de Roches to the Robiacian Land Mammal Age. More speciﬁcally, this site can be conﬁdently situated
between the MP15 and MP16 reference levels, although the primate assemblage probably indicates some
degree of temporal mixing. This is the ﬁrst record of P. pyrenaicus and a form closely related to N. anadoni
out of the Iberian Peninsula. The identiﬁcation of these microchoerines in Switzerland gives further
support to the connection of NE Spain and Central Europe during the Middle Eocene.
1. Introduction
The origin of Euprimates dates back to the beginning of the
Eocene, a moment marked by high temperatures and followed by
sustained global warmth (Shackelton and Boersma, 1981; Zachos
et al., 2001, 2008). During this epoch, the development of dense
forests allowed the radiation of primates throughout the Northern
Hemisphere. Two main groups of Euprimates became abundant
and diverse during the Eocene: the larger-sized adapiforms and the
small-bodied omomyiforms (Rose et al., 1994; Covert, 2002; Gebo,
2002; Gunnell and Rose, 2002; Gilbert, 2005; Gingerich, 2012;
Godinot, 2015), which are related to the main clades of living pri-
mates (strepsirrhines and haplorrhines, respectively).
The Robiacian European Land Mammal Age ranges approxi-
mately between 43.5 and 37.8 Ma (Vandenberghe et al., 2012).
Primates of this age are well known through the abundant and
well-preservedmaterial from classical localities such as Egerkingen
and Mormont (Switzerland), Creechbarrow (England), Sant Jaume
de Frontanya (Spain) and, especially, from numerous French fossil
sites, including Lissieu, Robiac, Grisolles and several levels in the
Quercy phosphorites such as Le Bretou and Lavergne (Godinot,
1983, 1985, 2015; Hooker, 1986; Aguilar et al., 1997; Legendre
et al., 1997; Hooker and Weidmann, 2000). During the Robiacian,
Omomyiformes are represented by the genus Nannopithex and its
putative descendant Necrolemur (Minwer-Barakat et al., 2015a), as
well as the small-sized and rather diverse genus Pseudoloris.
Microchoerus has also been reported from some Robiacian local-
ities, although this genus has recently been suggested to be a par-
aphyletic group, and the taxonomic allocation of some Middle
Eocene forms must be reconsidered (Minwer-Barakat et al., 2017).
Regarding the adapiforms, during the Robiacian they are repre-
sented in Europe by the anchomomyins Anchomomys cf. quercyi
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from Le Bretou (Godinot, 1988a) and Anchomomys frontanyensis
from Sant Jaume de Frontanya 3 (Marigo et al., 2011), as well as the
genus Mazateronodon in Mazateron (Marigo et al., 2010). Other
cercamoniines include the genus Europolemur from Creechbarrow
Hill (Hooker, 1986). Adapines are represented by the genera Lep-
tadapis found in Creechbarrow Hill, as well as Adapis from the same
site (Hooker, 1986), the latter also recovered from different French
(Robiac, Castrais, Grisolles; Louis and Sudre, 1975; Sudre, 1978),
Spanish (Mazateron and Sant Jaume de Frontanya; Moya-Sola and
K€ohler, 1993; Marigo et al., 2014) and Swiss localities (Mormont-
Eclepens; Sudre, 1978).
La Verrerie de Roches, an Eocene site in Switzerland, is rather
poorly known despite the fact that is was ﬁrst mentioned more
than a hundred years ago (Stehlin, 1910, 1916). It is a classical
network of “siderolithic” ﬁssure ﬁllings like themuch better known
European reference locality of Egerkingen, also in Switzerland. It is
located in the Canton Jura, a few kilometers southeast of the can-
ton's main city, Delemont (Fig. 1). Some material was sampled from
karstic ﬁssure ﬁllings at the beginning of the 20th century, leading
to an interesting description of some artiodactyl teeth (Stehlin,
1910) and of a single primate fragmentary hemimandible of un-
known afﬁnities (Stehlin, 1916). In total about 40 mostly unde-
scribed specimens comprised the historical collection of the
Natural History Museum of Basel (NMB). Many karstic ﬁssure ﬁll-
ings within the Late Jurassic basement are known over a rather
limited surface, and no reference to what ﬁssure ﬁlling was
sampled was previously given, so that little information on the
precise location of the previously described material can be given.
About a hundred years later, new sampling carried out in 2006 in
the context of the paleontological investigations along the A16
motorway (Transjurane) led to several hundred kilograms of ma-
terial being screen washed, ultimately leading to the description of
20 teeth belonging to eight mammalian taxa, all coming from the
same karstic ﬁssure ﬁlling (Becker et al., 2013). The authors
described a rather diverse fauna, which includes rodents (Sciuroides
cf. romani, Paradelomys crusafonti, Paradelomys ruetimeyeri, Elfomys
cf. tobieni, Elfomys engesseri), a marsupial (Herpetotheriinae indet.),
a carnivore (Carnivora indet.), a mixtotherid (Mixtotherium lav-
ergnense), as well as two different primates, assigned to Adapis aff.
sudrei and Necrolemur aff. antiquus, each one represented by a
single isolated tooth.
Between the historical publications and the recently published
work, more excavations were carried out in the 1970s and early
1980s by the NMB. This material was never mentioned in any
publication and was stored in the collections of the Museum. It
represents the largest collection of teeth from this locality, with
more than a thousand specimens representing a large faunal
spectrum of mammals and lower vertebrates, making this locality
one of the richest for the Middle Eocene of Switzerland and
perhaps, once its full potential is assessed, of Europe too. Unfor-
tunately, the precise location of the sampled ﬁssure ﬁllings was not
noted on a map of the outcrop and only collection years are avail-
able. To date, the outcrop represents a surface of about 50 m in
length over 15 m in height and at least 36 ﬁssure ﬁllings with
reddish sediment are still visible. We know that 10 fossiliferous
ﬁssure ﬁllings were sampled back in the 1970s and 1980s; seven
others were sampled in 2006 by the new paleontological in-
vestigations along the A16 motorway, which could partly, at least,
be the same as those of the collection under study here.
In this workwe describe in detail the primate specimens from La
Verrerie de Roches housed in the collections of the NMB, consisting
of more than 80 dental remains. The primate assemblage from La
Verrerie de Roches includes ﬁve different taxa, three micro-
choerines and two adapiforms, thus representing one of the most
diverse primate associations of the European Middle Eocene.
2. Material and methods
The studied material is housed in the collections of the Natural
History Museum of Basel. The nomenclature used in the de-
scriptions of the teeth is that described in Minwer-Barakat et al.
(2015b). The ﬁrst and second upper molars of Necrolemur and
Pseudoloris, as well as the ﬁrst and second lower molars of Pseu-
doloris, have been described together because of the difﬁculty of
distinguishing them when they are found in isolation (they are
referred to as M12 and M1e2). Following Hooker and Harrison
(2008), the terms “anterior” and “posterior” are used speciﬁcally
for the descriptions of the incisors because, whereas the posterior
direction equates to distal, the anterior does not equate with
mesial. Measurements have been taken using an optic caliper
“Nikonmeasuroscope 10” connected to amonitor “Nikon SC112”, as
deﬁned by Godinot (2003). Micrographs were taken using the
Environmental Scanning Electron Microscope (ESEM) of the Uni-
versitat de Barcelona.
3. Systematic paleontology
Order PRIMATES Linnaeus, 1758
Suborder HAPLORHINI Pocock, 1918
Infraorder OMOMYIFORMES Schmid, 1982
Figure 1. Location map and biochronological position of the site of La Verrerie de Roches (courtesy Becker et al., 2013). Location on map is indicated by the black star. The gray bar








Family OMOMYIDAE Trouessart, 1879.
Subfamily MICROCHOERINAE Lydekker, 1887
Genus NECROLEMUR Filhol, 1873




C1: The buccal face is convex, whereas the lingual side is
concave. The base of the crown rises on themesial part of the tooth,
and descends further on the lingual part than on the buccal side, so
the crown is markedly asymmetrical. Two sharp cristids descend
from the apex and reach the base of the crown, the mesial one
being shorter than the distal. The lingual cingulid is strong and
continuous. A buccal cingulid is barely marked.
P4: The protoconid is acute. The paracristid descends mesially
from the protoconid, reaches the base of the crown and curves
lingually, continuing in a well-developed buccal cingulid. There is
no paraconid. The protocristid is curved and connects the proto-
conid to a high, tubercular metaconid. There is a thin longitudinal
cristid crossing the distal slope of the trigonid, from the protocristid
to the distal cingulid. Another weaker and shorter cristid runs
distally from the protoconid, without reaching the crown base. The
distal cingulid is well marked and rises notably at themiddle part of
the distal side, forming a triangular facet. The buccal cingulid is
weak.
M1: The trigonid is markedly narrower than the talonid. The
paraconid is large, tubercular and lower than the protoconid and
metaconid; it is connected to the protoconid by a curved para-
cristid, and separated from the metaconid by a deep notch. The
protocristid shows a constriction at the middle of its length. There
are three thick and poorly deﬁned cristids running from the para-
conid, metaconid and protoconid towards the center of the trigonid
basin. The cristid obliqua ends at the level of the constriction of the
protocristid. There is no mesoconid. The postcristid has a protru-
sion, placed closer to the hypoconid than to the entoconid, but
there is not a distinct hypoconulid. The mesial end of the pre-
entocristid is curved buccally and does not connect to the post-
metacristid, so the talonid basin is open lingually by a notch. In
most specimens, the enamel wrinkling is hardly marked on the
talonid basin, and is only expressed by two weak ridges starting at
the entoconid and hypoconid (specimen NMB V.R. 2 displays a
more complex crenulation, Fig. 2K). The buccal cingulid is strong
and occupies the mesial, buccal and distal borders of the tooth.
M2: The trigonid is notably shorter than in the M1. The proto-
conid is placed in a more lingual position than the hypoconid, so
the trigonid is clearly narrower than the talonid. The paraconid is
attached to the metaconid, hardly differentiated from this latter
cusp. The paracristid connects the protoconid to the para-
conidemetaconid complex, closing the trigonid basin. There is a
thick cristid running buccally from the metaconid and a small
lingual spur on the protoconid, but they do not join each other. The
protocristid is slightly constricted at the middle of its length. The
cristid obliqua runs mesiolingually from the hypoconid and, close
to its mesial end, turns buccally and connects to the trigonid wall at
the level of the protoconid. There is no mesoconid. The entoconid is
lower than the hypoconid. The postcristid has a small protuberance
that does not constitute a distinct hypoconulid. The pre-entocristid
is strongly curved buccally and separated from the postmetacristid
by a deep notch, so the talonid basin is open lingually. The enamel
wrinkling on the talonid is only expressed by one or two weak
cristids descending mesiobuccally from the entoconid, and another
cristid running mesiolingually from the hypoconid, none of which
reach the center of the basin. The buccal cingulid is as in the M1.
M3: The trigonid is wider than in the M2: the protoconid is in a
slightly more lingual position than the hypoconid, but the differ-
ence is not so accentuated as in the other lower molars. The para-
conid is fused with or hardly differentiated from the metaconid in
six out of seven specimens, but it is a distinct cusp in NMB V.R.62
(Fig. 2AA). The paracristid connects the protoconid to the paraconid
(or to the paraconidemetaconid complex), closing the trigonid
basin completely. There is a cristid running buccally from the par-
aconid, which occupies less than a half of the trigonid width. The
protocristid is continuous. The cristid obliqua is V-shaped, with a
distal part runningmesiolingually from the hypoconid and a mesial
part directed mesiobuccally and connected to the base of the pro-
toconid. There is no mesoconid. The entoconid is lower than the
hypoconid and situated in a somewhat more distal position. The
pre-entocristid is curved buccally and separated from the post-
metacristid by a deep and wide valley that opens the talonid basin
lingually. The hypoconulid lobe is wide and shows two distinct
cusps. This lobe is better differentiated from the talonid basin on
the buccal part than on the lingual part, meaning that the concavity
separating the hypoconulid from the hypoconid is more marked
than that separating the hypoconulid from the entoconid. The
enamel wrinkling is more accentuated than in the M1 and M2, with
several sinuous ridges descending from themain cusps towards the
center of the talonid. The buccal cingulid occupies the mesial and
buccal sides; it is weak at the base of the hypoconid and ends at the
buccal base of the hypoconulid lobe.
I1: The crown is high and markedly compressed buccolingually.
The apex is acute. The buccal side is slightly convex and the lingual
side is concave. There is a long crista running on the posterior
margin, separating the buccal and lingual sides. At the posterior
base of the crown, there is a distinct talon, especially prominent in
specimen NMB V.R.65 (Fig. 3C). A well-marked cingulum borders
the lingual side of the tooth, starting close to the apex and reaching
the talon.
C1: The crown is high and much longer than wide. The base of
the crown rises markedly on themesial part of the tooth. The buccal
side is convex, the lingual side is concave and in some specimens
shows a distolingual expansion (especially marked in specimen
NMB V.R.85; Fig. 3G). From the apex, which is shifted mesially,
three cristae descend. The cristae running mesially (anterocrista)
and mesiolingually are short but well marked. They form an acute
angle and delimit a triangular basin on the mesiolingual part of the
tooth. The crista descending distally from the apex (posterocrista) is
weaker than the other two. The lingual cingulum, strong and high,
occupies the lingual and distal borders. A weaker buccal cingulum
is observable in only three out of ﬁve specimens.
P2: The outline is oval, somewhat longer than wide. The single
cusp is pointed, with the apex placed mesially. The buccal side is
convex, the lingual one is concave, in some specimens slightly
expanded distolingually. Three sharp cristae descend from the
apex. The posterocrista does not reach the base of the crown. The
anterocrista and the mesiolingual crista delimit a deep triangular
mesiolingual basin. The cingulum is strong along themesial, lingual
and distal borders of the tooth, and becomes weaker on the buccal
side, even interrupted in one specimen.
P3: The outline is subtriangular, with the buccal border longer
than the lingual one, so the mesial and distal borders tend to
converge lingually. The paracone is high and pointed and, as in the
P2, shows three cristae descending from its apex. The anterocrista is
straight and reaches the base of the crown. The anterocrista and the
crista running mesiolingually from the paracone enclose a trian-
gular basin in mesiolingual position. The precingulum rises slightly
at its connection with the anterocrista, but there is not a distinct
parastyle. The posterocrista descends distally from the paracone








forming a metastyle (in specimen NMB V.R.58 the metastyle is not
observable, but it may be due to the poor preservation of the
enamel). The lingual lobe is reduced and has a small but well-
differentiated protocone in the mesiolingual position. The pre-
cingulum and the postcingulum, bordering the mesial and distal
borders respectively, are strong and both connect to the protocone.
There is also a buccal cingulum, weaker than the other cingula.
P4: These premolars are markedly wider than long. The buccal
border is longer than the lingual one, but this difference is less
accentuated than in the P3. The paracone is high and acute. The
Figure 2. ESEM images of the lower teeth of Necrolemur aff. anadoniMinwer-Barakat et al., 2015a from La Verrerie de Roches. AeB: right C1 (NMB V.R.64) in occlusal (A) and buccal
(B) views; CeD: right C1 (NMB V.R.110) in occlusal (C) and buccal (D) views; EeF: left P4 (NMB V.R.73) in occlusal (E) and buccal (F) views; GeH: right P4 (NMB V.R.42) in occlusal (G)
and buccal (H) views; IeJ: left M1 (NMB V.R.1) in occlusal (I) and buccal (J) views; KeL: right M1 (NMB V.R.2) in occlusal (K) and buccal (L) views; MeN: right M1 (NMB V.R.53) in
occlusal (M) and buccal (N) views; OeP: right M1 (NMB V.R.78) in occlusal (O) and buccal (P) views; QeR: right M1 (NMB V.R.79) in occlusal (Q) and buccal (R) views; SeT: left M2
(NMB V.R.80) in occlusal (S) and buccal (T) views; UeV: left mandible fragment with M1-M2 (NMB V.R.61) in occlusal (U) and buccal (V) views; WeX: left M3 (NMB V.R.55) in
occlusal (W) and buccal (X) views; YeZ: left M3 (NMB V.R.82) in occlusal (Y) and buccal (Z) views; AAeAB: left M3 (NMB V.R.62) in occlusal (AA) and buccal (AB) views; ACeAD: left








anterocrista is straight and ends in a distinct parastyle. The post-
erocrista curves markedly towards the distobuccal corner of the
tooth and ends in an inﬂated metastyle, more developed than the
parastyle. Contrary to the P2 and the P3, there is no sharp mesio-
lingual crista delimiting a mesiolingual basin. Instead, there is a
more or less marked lingual crista descending from the paracone
towards the protocone. In some specimens, the enamel is wrinkled
on the lingual slope of the paracone, displaying some other cristae.
The lingual lobe is broader than in the P3 and has a well-developed
protocone in mesiolingual position. The precingulum connects the
parastyle to the protocone. The postcingulum starts at the proto-
cone, borders the lingual and distal borders, and ends at the level of
the metastyle. The buccal cingulum is weaker than the pre-
cingulum and postcingulum.
M1¡2: First and second upper molars have been described
together due to their strong similarity in size and morphology,
which makes distinguishing isolated specimens very difﬁcult. The
outline is rectangular, wider than long. The paracone is slightly
larger than the metacone. The preparacrista is short and straight,
and thickens at its mesial end forming a very small parastyle.
Figure 3. ESEM images of the upper incisors, canines and premolars of Necrolemur aff. anadoniMinwer-Barakat et al., 2015a from La Verrerie de Roches. AeB: left I1 (NMB V.R.84) in
mesial (A) and posterior (B) views; CeD: right I1 (NMB V.R.65) in mesial (C) and posterior (D) views; EeF: left C1 (NMB V.R.43) in occlusal (E) and buccal (F) views; GeH: left C1
(NMB V.R.85) in occlusal (G) and buccal (H) views; IeJ: right C1 (NMB V.R.66) in occlusal (I) and buccal (J) views; KeL: right C1 (NMB V.R.103) in occlusal (K) and buccal (L) views;
MeN: left P2 (NMB V.R.50) in occlusal (M) and buccal (N) views; OeP: left P2 (NMB V.R.86) in occlusal (O) and buccal (P) views; QeR: right P2 (NMB V.R.51) in occlusal (Q) and buccal
(R) views; SeT: right P2 (NMB V.R.87) in occlusal (S) and buccal (T) views; UeV: left P3 (NMB V.R.58) in occlusal (U) and buccal (V) views; WeX: left P3 (NMB V.R.88) in occlusal (W)
and buccal (X) views; YeZ: right P3 (NMB V.R.89) in occlusal (Y) and buccal (Z) views; AAeAB: right P4 (NMB V.R.44) in occlusal (AA) and buccal (AB) views; ACeAD: right P4 (NMB








Postparacrista and premetacrista are connected, forming a nearly
straight centrocrista. The postmetacrista runs distobuccally from
the metacone and thickens, forming a distinct metastyle, which is
larger than the parastyle. There is no trace of a mesostyle. The
paraconule, large and tubercular, is connected to the parastyle by
the preparaconule crista and, except for specimen NMB V.R.107
(Fig. 4O), it is also connected to the protocone by a preprotocrista.
There is a hypoparacrista running lingually from the paracone,
which only reaches the paraconule in one specimen (NMB V.R.92,
Fig. 4I). All the available specimens show two distinct metaconules.
The buccal metaconule is a tubercular, voluminous cusp, similar in
size or slightly larger than the paraconule. It can be either separated
Figure 4. ESEM images of the upper premolars and molars of Necrolemur aff. anadoni Minwer-Barakat et al., 2015a from La Verrerie de Roches. AeB: left M12 (NMB V.R.60) in
occlusal (A) and buccal (B) views; CeD: left M12 (NMB V.R.91) in occlusal (C) and buccal (D) views; EeF: left M12 (NMB V.R.46) in occlusal (E) and buccal (F) views; GeH: left M12
(NMB V.R.47) in occlusal (G) and buccal (H) views; IeJ: left M12 (NMB V.R.92) in occlusal (I) and buccal (J) views; KeL: right M12 (NMB V.R.95) in occlusal (K) and buccal (L) views;
MeN: right M12 (NMB V.R.96) in occlusal (M) and buccal (N) views; OeP: right M12 (NMB V.R.107) in occlusal (O) and buccal (P) views; Q: left maxillary fragment with P4-M3
(NMB V.R.102) in occlusal view; ReS: left M3 (NMB V.R.98) in occlusal (R) and buccal (S) views; TeU: left M3 (NMB V.R.108) in occlusal (T) and buccal (U) views; V: left M3 (NMB
V.R.109) in occlusal view; WeX: right M3 (NMB V.R.99) in occlusal (W) and buccal (X) views; YeZ: right M3 (NMB V.R.100) in occlusal (Y) and buccal (Z) views; AAeAB: right M3








from the metacone by a valley (e.g., NMB V.R.47 and 96, Fig. 4G and
M) or connected to the metacone by a premetaconule crista (e.g.,
NMB V.R.91 and 92, Fig. 4C and I). The lingual metaconule varies
from a more or less inﬂated crest (observable in six out of 13
specimens preserving the distal part) to a rounded tubercular cusp
(present in seven teeth). From the protocone, a thick post-
protocrista runs distally, which only connects to the hypocone in
four out of 12 specimens preserving the distolingual region (e.g.,
NMB V.R.46 and 47, Fig. 4E and G). In the other eight specimens, the
postprotocrista lays between the hypocone and the lingual meta-
conule, without connecting with any of these cusps. In four of these
latter specimens, the hypocone is connected to the protocone by
means of a very weak postprotocingulum (e.g., NMB V.R.60 and 95,
Fig. 4A and K), while in the remaining four, the hypocone is
completely isolated from the protocone (e.g., NMB V.R.91 and 96,
Fig. 4C and M). The hypocone is large, tubercular and placed in a
distolingual position with respect to the protocone. The post-
hypocrista continues in a postcingulum that borders the entire
distal side of the tooth, enclosing a small talon basin. The ecto-
cingulum is strong and occupies the buccal border, from the para-
style to the metastyle. The precingulum is much weaker than the
postcingulum and ectocingulum, and in most specimens it is con-
nected to a more or less developed bulge placed at the mesiolingual
base of the protocone. The enamel crenulation, not much accen-
tuated, is mainly expressed by some thick ridges descending from
the paracone, metacone and protocone, which do not reach the
center of the trigon basin.
M3: The outline is wider than long. The mesial border is straight
and the buccal, distal and lingual borders are convex. The paracone
is notably larger than the metacone. The preparaconule crista rises
at its junction with the preparacrista, but there is not a distinct
parastyle. There is no trace of postmetacrista or mestastyle. A small
paraconule is only observable in four out of eight specimens pre-
serving the mesial part. The metaconules are variable. Some spec-
imens have a relatively large tubercular buccal metaconule and a
smaller and crest-shaped lingual metaconule (e.g., NMB V.R.100,
Fig. 4Y). Other teeth display an inﬂated crista, without any distinct
conule (e.g., NMB V.R.109, Fig. 4V). The protocone is relatively high.
The preprotocrista is straight and directed buccally. The post-
protocrista is thick and directed distally, without a connection to
the metaconule. There is no hypocone. The talon basin is very
reduced or indistinct. Precingulum and postcingulum are well
marked and occupy the entire mesial and distal borders, respec-
tively. There is no lingual cingulum. The ectocingulum is strong on
the base of the paracone, and thinner or even interrupted on the
base of the metacone. The enamel wrinkling on the trigon basin is
moderate, with some specimens showing several ridges descend-
ing from the paracone, metacone and protocone. One specimen
(NMB V.R.100, Fig. 4Y) shows some crenulation on its incipient




The size of the teeth of Necrolemur aff. anadoni from La Verrerie
de Roches is, in general terms, similar to that of Necrolemur anadoni
from Sant Jaume de Frontanya-1, although the range of variation is
wider in VDR due to the larger sample size (Fig. 5). The only sig-
niﬁcant difference is found in two M1 from VDR that are notably
larger than the rest and overlap the size range of the species Nec-
rolemur antiquus. Morphologically, the P4 andM1 are very similar in
N. anadoni from SJF and N. aff. anadoni from VDR. In the M2 and M3
from VDR, the protoconid is in a slightly more buccal position than
in those from SJF, so the trigonid is somewhat wider (Fig. 6A, F, G).
In addition, the paraconid is slightly better differentiated from the
metaconid in the M2 and M3 of N. anadoni from SJF, whereas in the
sample from VDR these two cusps are generally fused, being
distinguishable from each other in only a few specimens (e.g., NMB
V.R.62, Fig. 2AA). The hypoconulid lobe is a little longer in the M3 of
N. aff. anadoni from VDR than in N. anadoni. Regarding the upper
teeth, the crown is slightly higher in the I1 from VDR than in the
single tooth from SJF. No relevant morphological difference is
observed in the upper premolars from the two samples. The M12
of N. aff. anadoni from VDR mainly differ from those of N. anadoni
from its type locality in the more developed conules: the para-
conule and buccal metaconule are, in general terms, larger in the
specimens from VDR. The lingual metaconule, crestiform in the
three available molars from SJF-1, is tubercular in half of the M12
from VDR and crestiform in the other half. Other characters, how-
ever, are identical in the two samples. For instance, the post-
protocrista connects to the hypocone in one of the three specimens
from SJF (Fig. 6BeD) and in a third of the available specimens from
VDR, lying between the hypocone and the lingual metaconule in
the rest. The enamel wrinkling also has a very similar development
in the two samples. Some characters, such as whether the para-
conule is connected to the paracone or disconnected from the
protocone, are seen in very few specimens from VDR; their absence
in the SJF may be due to the smaller sample size. The M3 from VDR
are, in general terms, very similar to the single specimen from SJF.
Some teeth from VDR lack the small paraconule present in the
specimen from SJF-1, or have a less developed buccal metaconule.
Other M3 from VDR are more expanded distolingually than the
single specimen from SJF-1, showing an incipient talon basin.
Table 1
Measurements (in mm) of the teeth of Necrolemur aff. anadoni Minwer-Barakat et al., 2015a from La Verrerie de Roches. Lʹ: length perpendicular to the root axis; Hʹ: height
parallel to the root axis.
Tooth Length Width Height L0 H0
n Min Mean Max n Min Mean Max n Min Mean Max n Min Mean Max n Min Mean Max
C1 3 2.05 2.12 2.19 3 1.22 1.25 1.30 2 0.89 1.00 1.11 3 1.37 1.42 1.47
P4 3 2.06 2.10 2.15 2 1.65 1.675 1.70 2 1.26 1.295 1.33
M1 8 2.25 2.41 2.64 8 1.75 1.95 2.25
M2 2 2.15 2.17 2.19 2 1.89 1.94 1.99
M3 6 2.16 2.32 2.51 6 1.49 1.60 1.65
I1 2 1.79 1.84 1.89 2 1.03 1.06 1.09 2 1.45 1.485 1.52
C1 5 1.90 1.98 2.08 5 1.14 1.20 1.26 5 0.98 1.08 1.16 5 1.22 1.43 1.55 5 1.76 1.85 1.89
P2 5 1.58 1.70 1.80 5 1.27 1.36 1.47
P3 3 1.64 1.79 1.93 3 1.72 1.88 2.02
P4 7 1.65 1.87 2.15 6 2.05 2.35 2.53
M12 8 1.87 2.065 2.28 8 2.42 2.76 3.00








The teeth of N. aff. anadoni from VDR are clearly smaller than
those of N. antiquus from Le Bretou, Lavergne and La Boufﬁe (Fig. 5).
Morphological differences are also notable, as is evident from a
comparison with the abundant sample of N. antiquus from La
Boufﬁe. The P4 of N. antiquus has a lower metaconid than that of N.
aff. anadoni fromVDR, a better developed longitudinal cristid and, in
some specimens, additional cristids on the distal slope of the trig-
onid. The enamel wrinkling is much more marked in the lower
molars of N. antiquus, especially in the talonid basin, which shows a
very complex set of ridges in the specimens from La Boufﬁe. In
general, the trigonid is wider in the M2 and M3 of N. antiquus, being
aswide as the talonid in someM2 and evenwider than the talonid in
some M3 from La Boufﬁe. Moreover, the cristids running buccally
from the paraconidemetaconid complex and lingually from the
protoconid are better developed in the M2 and M3 of N. antiquus,
joining, in some specimens, to form a single cristid that crosses the
trigonid transversally. In the M3, the hypoconulid lobe is longer and
better differentiated from the talonid basin in N. antiquus than in N.
aff. anadoni fromVDR. In the I1 ofN. aff. anadoni fromVDR, the talon
is more prominent than in the specimens of N. antiquus. The upper
canines and premolars of N. antiquus have sharper cristae andmore
marked cingula than those ofN. aff. anadoni fromVDR. Furthermore,
the P2 ofN. antiquushaveamore accentuateddistolingual expansion
than those ofN. aff. anadoni. The P3 ofN. antiquushave clearly better-
developed protocones and mesastyles than those of N. aff. anadoni
fromVDR. TheP4 ofN. antiquus fromLaBoufﬁediffer fromthoseofN.
aff. anadoni in the more developed protocone, parastyle and meta-
style and in the much more accentuated enamel wrinkling on the
lingual slope of the paracone. The M12 of N. antiquus differ from
those of N. aff. anadoni in having larger conules (including a tuber-
cular lingual metaconule), a broader talon basin and, in nearly all
cases, a connection between the postprotocrista and the hypocone
(Fig. 6MeO). The hypocone occupies amoremarginal position in the
M12 of N. antiquus. The M3 of N. antiquus have more developed
conules than those of N. aff. anadoni from VDR; in addition, they are
much more distolingually expanded and show a broad talon basin,
which is absent or very reduced in themolars fromVDR (Fig. 6K and
P). Moreover, the enamel wrinkling is much more complex in the
upper molars of N. antiquus than in N. aff. anadoni, with sharper
crests directed from the main cusps towards the trigon basin,
additional transverse crests descending from the paraconule and
metaconules, and marked crenulation on the talon basin.
The species Necrolemur zitteli is known from only a right
mandible with P3-M3 of unknown provenience, although, accord-
ing to several authors, it most probably came from the Quercy
phosphorites (Stehlin, 1916; Godinot, 1983). N. zitteli is notably
smaller than N. aff. anadoni from VDR (Fig. 5). Morphologically, the
most important difference is the position of the protoconid of the
M2 and M3, which is placed in a more buccal position in N. zitteli
than in N. aff. anadoni from VDR; therefore, the trigonid is clearly
wider in N. zitteli. Moreover, the hypoconulid lobe is longer and
wider in the M3 from VDR than in N. zitteli.
The single tooth of Necrolemur from VDR studied by Becker et al.
(2013) is a lower incisor, which does not allow comparisonwith the
sample depicted in this paper. In any case, according to those au-
thors, this I1 is rather small, plotting out of the range of N. antiquus.
It is, hence, very probable that this incisor corresponds to the form
assigned here to N. aff. anadoni.
3.4. Remarks on the genus Necrolemur
Described in the 19th century on the basis of the abundant and
well-preserved material found in the Quercy ﬁssure ﬁllings, the
genus Necrolemur is frequent in Middle and Late Eocene European
sites. Necrolemur shows size and morphological features that are
intermediate between those of Nannopithex and Microchoerus: it
mainly differs from Nannopithex in its larger size, more developed
hypocone generally connected to the protocone, and double met-
aconule in the upper molars, wider trigonid and absence of a well
developed paraconid in the M2 and M3. Necrolemur can be distin-
guished from Microchoerus by its smaller size, less accentuated
enamel wrinkling, absent or very small mesoconid and hypo-
conulid in the M1 and M2, less developed metaconules and para-
conule, and by the absence of the mesostyle that is present in the
upper molars of almost all the species of Microchoerus (with the
exception ofMicrochoerus hookeri, see Minwer-Barakat et al., 2017).
The best known species is N. antiquus, well-represented in
Robiacian and Headonian localities ranging from MP16 to MP18,
such as Le Bretou, Lavergne, La Boufﬁe, Mormont-Eclepens, Diel-
sdorf or Les Pradigues (Godinot, 1983, 1985, 2003; Hooker and
Weidmann, 2000). In contrast, the species N. zitteli is known from
only a single mandibular fragment of unknown age and prove-
nance. The recent description of N. anadoni from Sant Jaume de
Frontanya-1 in the Pyrenees has shed new light on the relationships
among the different species of microchoerines from theMiddle and
Late Eocene of Europe (Minwer-Barakat et al., 2015a). According to
this study, N. anadoni is a direct descendant of Nannopithex ﬁlholi
and the ancestor of N. antiquus, an interpretation supported by the
stratocladistic analysis performed in that work. Clear directional
trends can be observed in the lineage that leads from N. ﬁlholi to
N. anadoni, N. antiquus, M. hookeri and, ﬁnally, Microchoerus erina-
ceus, including an increase in size, a progressive broadening of the
trigonid and a reduction of the paraconid in the M2 and M3, an
enlargement of the hypocone, paraconule and metaconules in the
upper molars, a better development of the connection between
hypocone and protocone in the M12, a distolingual expansion of
the M3 and an accentuation of the enamel wrinkling from the
oldest to youngest species (Minwer-Barakat et al., 2015a, 2017).
The sample of N. aff. anadoni from VDR ﬁts perfectly in this
evolutionary scheme, occupying an intermediate position between
N. anadoni from SJF-1 and N. antiquus from several European local-
ities. The size and overall morphology of the teeth from VDR
resemble those of N. anadoni from SJF-1, although there are some
morphological differences that preclude a deﬁnitive ascription of the
material from VDR to that species and that are similar to the later
N. antiquus (Table 2, Fig. 6). In general terms, the conules of the upper
molars of N. aff. anadoni are more developed than in N. anadoni but
smaller than in N. antiquus. Furthermore, the lingual metaconule is
typically crestiform in N. anadoni (Fig. 6BeD) and tubercular in
N. antiquus (Fig. 6MeO); in the sample from VDR, it is crestiform in
half of the M12 and tubercular in the other half. Moreover, the
protoconid in the M2 and M3 from VDR occupies a position that is
slightly more buccal than in the lower molars of N. anadoni from SJF
and, in general, more lingual than in those of N. antiquus from La
Boufﬁe, so the trigonid of N. aff. anadoni is wider than in N. anadoni
and narrower than in N. antiquus. In addition, the paraconid is a
distinct cusp in the M2 and M3 of N. anadoni, but generally fused to
the metaconid in N. aff. anadoni from VDR and N. antiquus. The
hypoconulid lobe of the M3 of N. aff. anadoni is longer than in
N. anadoni but shorter than inN. antiquus. Other features, such as the
enamel wrinkling and the frequency of the connection between
postprotocrista and hypocone, are very similar in N. aff. anadoni and
N. anadoni, and clearly different from N. antiquus (Fig. 6).
Summarizing, all these observations indicate that the sample of
Necrolemur from VDR is essentially similar to N. anadoni from SJF,
but displays some advanced features pointing to the morphology of
N. antiquus, which is consistent with an intermediate position for
the newly studied population and gives support to the ances-
toredescendant relationship already proposed for the species








Genus PSEUDOLORIS Stehlin, 1916.
Pseudoloris pyrenaicus Minwer-Barakat et al., 2010
Fig. 7AeJ
3.5. Description
M1e2: The trigonid is relatively long. The protoconid is in a
notably more mesial position than the metaconid. The paracristid
continues in a low premetacristid that joins the metaconid, closing
completely the trigonid basin lingually. There is not a distinct
paraconid, but in specimen NMB V.R.117 the paracristid is some-
what thickened at the mesiolingual extreme of the tooth (Fig. 7A).
The cristid obliqua is relatively thick. The entoconid and hypoconid
are voluminous and similar in height to each other. The hypo-
conulid is pointed and equidistant between the entoconid and
hypoconid. The buccal cingulid is well marked in NMB V.R.120 and
weaker in NMB V.R.117.
P3: The outline is triangular, with the buccal border longer than
the lingual one. The mesial border is nearly straight and the
distal border is concave. The paracone is high and pointed. The
Figure 5. Size graphs (length width) of the M1, M2, M3, P4, M12 and M3 of Necrolemur zitteli, Necrolemur anadoni, Necrolemur aff. anadoni and Necrolemur antiquus. Measurements
of N. aff. anadoni from La Verrerie de Roches are those presented in this work. Measurements of N. zittteli have been taken directly on a cast of the holotype. Data from N. anadoni








anterocrista is short and straight. The posterocrista is longer than
the anterocrista and curved buccally. Parastyle and metastyle are
absent. The lingual lobe is broad. The protocone is very reduced and
placed in mesiolingual position. There is a strong cingulum sur-
rounding the entire crown.
M1¡2: Paracone and metacone are similar in height and higher
than the protocone. The mesiobuccal corner of the tooth is
damaged, but a minuscule parastyle is observable. There is no
metastyle. The hypocone is very reduced, to a thickening at the
lingual end of the postcingulum, and completely isolated from the
Figure 6. Comparative images of the lower and upper molars of Necrolemur anadoni from Sant Jaume de Frontanya-1 (AeE), Necrolemur aff. anadoni from La Verrerie de Roches
(FeK) and Necrolemur antiquus from La Boufﬁe (LeP). ESEM images of the material from Sant Jaume de Frontanya and La Verrerie de Roches were taken directly of the specimens;
images of N. antiquus were taken of high quality casts of the original specimens curated in the Universite de Montpellier (France). Some specimens are reversed for comparison. A:
left mandible fragment with P4 (not ﬁgured) M1, M2 and M3 (IPS4331); B: left M12 (IPS66645); C: left M12 (IPS66644); D: reversed right M12 (IPS66646); E: left M3 (IPS66653); F:
left mandible fragment with M1-M2 (NMB V.R.61); G: left M3 (NMB V.R.55); H: reversed right M12 (NMB V.R.96); I: left M12 (NMB V.R.91); J: reversed right M12 (NMB V.R.107); K:
reversed right M3 (NMB V.R.101); L: reversed right mandible fragment with P4 (not ﬁgured) M1, M2 and M3 (BFI 71); M: left M12 (BFI 138); N: left M12 (BFI 112); O: left M12 (BFI
153); P: left M3 (BFI 211). Scale bar represents 1 mm.
Table 2
Character states of different morphological traits in the teeth of the microchoerine species Nannopithex ﬁlholi, Necrolemur anadoni, Necrolemur aff. anadoni from La Verrerie de







Necrolemur antiquus Microchoerus hookeri Microchoerus erinaceus




Large, single or double
M1 and M2 mesoconid Absent Absent Absent Absent Generally absent (<25%) Present, single or double








Generally absent Absent Absent




Relatively wide Relatively wide Relatively wide
P3 and P4 hypocone Absent Absent Absent Absent Absent Present
M12 hypocone size Small Large Large Large Very large Very large
M12 protocone-hypocone
connection
Absent Weak Weak Usually strong Strong Strong
M12 metaconule
(single or double)
Single Double Double Double Double Double
Shape of the lingual
metaconule in M12
e Crest-shaped Crest-shaped or
tubercular
Tubercular Tubercular Tubercular
M12 mesostyle (presence) Absent Absent Absent Absent Generally absent (<25%) Always present
M12 mesostyle
(size and shape)
e e e e Weak, crest-shaped Strong, generally tubercular
M12 hypostyle Absent Absent Absent Absent Absent Present




























protocone. The paraconule is small, and bears a long preparaconule
crista and a short postparaconule crista that enclose a small basin
on the mesiolingual base of the paracone. The metaconule is
slightly larger than the paraconule. There are no distinct pre-
metaconule and postmetaconule cristae, but only a weak crista
running buccally from the metaconule towards the metacone. The
precingulum starts at themesiolingual corner of the tooth and joins
the preparaconule crista. The postcingulum and the buccal
cingulum are stronger than the precingulum, and occupy the entire
distal and buccal borders, respectively. There is also a shorter and
weaker cingulum on the lingual border, from the hypocone to the
distolingual base of the protocone.
M3: The outline is triangular. The paracone is slightly larger than
the metacone. The preparacrista is directed mesially and connected
to a distinct parastyle. The postmetacrista is directed distobuccally.
A metastyle is absent. The paraconule is very small. The prepar-
aconule crista is long and reaches the parastyle. The metaconule is
larger than the paraconule. The premetaconule crista is weak, and
there is no postmetaconule crista. There is no hypocone. The pre-




Thematerial from La Verrerie de Roches is very similar to that of
P. pyrenaicus from Sant Jaume de Frontanya-3C and 3D (Minwer-
Barakat et al., 2010). The lower molars are slightly larger in VDR
(Fig. 8), but morphologically identical to those of SJF. The P3 from
VDR resembles the single specimen from SJF-3C, both displaying a
very reduced protocone. The M12 from VDR shows the most
distinctive feature of the upper molars of P. pyrenaicus from SFJ-3C
and 3D, a very reduced hypocone, resembling a thickening of the
postcingulum. The only observable difference is the metaconule,
which is crescentiform and bears distinct premetaconule and
postmetaconule cristae in the molars from SJF, and is less devel-
oped in VDR. The M3 from VDR is somewhat larger than those from
SJF-3C and 3D, but very similar in morphology.
All the teeth of P. pyrenaicus from VDR are notably larger than
those of Pseudoloris parvulus from several European localities, such
as Hordle Cliff in England (Cray, 1973), Le Bretou, Perriere and La
Boufﬁe in France (Godinot, 1983, 1988a), Eclepens-B in Switzerland
(Hooker and Weidmann, 2000) and Sossís in Spain (Minwer-
Barakat et al., 2015b; Fig. 8). There are also clear morphological
differences between these species, especially in the upper denti-
tion: the P3 of P. pyrenaicus from VDR has a much more reduced
protocone than found on the teeth of P. parvulus; the M12 from
Figure 7. ESEM images of the teeth of Pseudoloris pyrenaicus Minwer-Barakat et al., 2010 (AeJ) and Pseudoloris parvulus (Filhol, 1890) (KeZ) from La Verrerie de Roches. AeB: right
M1e2 (NMB V.R.117) in occlusal (A) and buccal (B) views; CeD: right M1e2 (NMB V.R.120) in occlusal (C) and buccal (D) views; EeF: left P3 (NMB V.R.124) in occlusal (E) and buccal (F)
views; GeH: right M12 (NMB V.R.114) in occlusal (G) and buccal (H) views; IeJ: right M3 (NMB V.R.112) in occlusal (I) and buccal (J) views; KeL: right M1e2 (NMB V.R.118) in occlusal
(K) and buccal (L) views; MeN: right M1e2 (NMB V.R.119) in occlusal (M) and buccal (N) views; OeP: left M1e2 (NMB V.R.116) in occlusal (O) and buccal (P) views; QeR: right P4
(NMB V.R.113) in occlusal (Q) and buccal (R) views; SeT: right P4 (NMB V.R.115) in occlusal (S) and buccal (T) views; UeV: left C1 (NMB V.R.122) in occlusal (U) and buccal (V) views;








VDR has a clearly smaller hypocone, and both the M12 and the M3
have less developedmetaconules than those on the uppermolars of
P. parvulus. In addition, the lower molars of P. pyrenaicus have
proportionally longer trigonids and higher paracristids than those
of P. parvulus.
The lowermolars of P. pyrenaicus from VDR are larger than those
of P. saalae from Geiseltal-Obere Mittelkohle (Thalmann, 1994) and
P. isabenae from Capella (Crusafont-Pairo, 1967), and lack the par-
aconid that is present in these two species. Furthermore, in the
molars of P. saalae the cristid obliqua ends in a more buccal position
than in those of P. pyrenaicus. The main difference with Pseudoloris
reguanti from Sant Cugat de Gavadons is size, smaller in
P. pyrenaicus from VDR (Minwer-Barakat et al., 2013a). The teeth of
P. pyrenaicus from VDR are larger than those of Pseudoloris cuestai
from Mazateron (Minwer-Barakat et al., 2012). In addition, the
hypocone is better developed in the only M12 of P. cuestai than in
that of P. pyrenaicus.
The main difference with P. crusafonti from Grisolles (Louis and
Sudre, 1975) is the morphology of the M12, which in P. crusafonti
has a muchmore developed hypocone, paraconule andmetaconule
than in P. pyrenaicus from VDR. Moreover, the metaconule of the
M12 of P. crusafonti is crescentiform, bearing distinct pre-
metaconule and postmetaconule cristae, which are absent in the
single specimen from VDR.
There are clear differences between P. pyrenaicus from VDR and
Pseudoloris godinoti from Fonollosa-13 (K€ohler and Moya-Sola,
1999). The lower molars of P. pyrenaicus from VDR have the trig-
onid basin closed lingually, and lack the distinct paraconid that is
present in the only M1 of P. godinoti. The P3 of P. godinoti is notably
higher-crowned, and has a better differentiated protocone than the
specimen fromVDR. Finally, the M1 of P. godinoti differs from that of
P. pyrenaicus from VDR in the much larger hypocone, the better-
developed paraconule and metaconule, the more reduced trigon
basin and the presence of a long and prominent metastyle.
Pseudoloris parvulus (Filhol, 1890)
Fig. 7KeZ
3.8. Description
P4: The protoconid is high. The paracristid runs mesially from
the protoconid, curves lingually, and thickens at its mesiolingual
end, without forming a distinct paraconid. There is a straight pro-
tocristid connecting the protoconid to a small metaconid. The
lingual cingulid is continuous. The distal cingulid is very thick.
There is a short and sharp longitudinal cristid in the talonid,
attached to the distal cingulid. There is no buccal cingulid.
M1e2: The main cusps are pointed. The protoconid is somewhat
higher than the metaconid; these cusps are connected by a proto-
cristid that in two out of three specimens shows a trigonid notch.
The paracristid is sharp and very low, especially in specimens NMB
V.R.116 and 119 (Fig. 7MeP). There is no sign of a paraconid. In two
Table 3
Measurements (in mm) of the teeth of Pseudoloris pyrenaicusMinwer-Barakat et al.,
2010 and Pseudoloris parvulus (Filhol, 1890) from La Verrerie de Roches. Lʹ: length
perpendicular to the root axis; Hʹ: height parallel to the root axis.
Species Catalog number Tooth Length Width Height L0 H0
Pseudoloris
pyrenaicus
NMB V.R. 117 M1e2 1.76 1.48
NMB V.R. 120 M1e2 1.76 1.38
NMB V.R. 124 P3 1.24 1.30
NMB V.R. 114 M12 1.56 2.10
NMB V.R. 112 M3 1.43 1.96
Pseudoloris
parvulus
NMB V.R. 113 P4 1.27 0.91 0.76
NMB V.R. 115 P4 1.34 0.93 0.80
NMB V.R. 116 M1e2 1.37 1.15
NMB V.R. 118 M1e2 1.40 1.10
NMB V.R. 119 M1e2 1.29 1.21
NMB V.R. 122 C1 1.27 0.66 0.77 0.99 1.15
NMB V.R. 123 C1 1.25 0.72 0.86 1.03 1.24
NMB V.R. 111 P4 1.09 1.37
Figure 8. Size graphs (length  width) of the M1e2 and M12 of the different species of the genus Pseudoloris. Measurements of P. parvulus and P. pyrenaicus from La Verrerie de
Roches are those presented in this work. Measurements of P. isabenae from Capella have been taken directly from the holotype, stored at the Institut Catala de Paleontologia Miquel
Crusafont; lengths are approximate, since the teeth are in the mandible and it is not possible to estimate the exact length due to their overlap in occlusal view. Data for P. parvulus
from Le Bretou and Perriere after Godinot (1983); data for P. parvulus from Sossís after Minwer-Barakat et al. (2015b); data for P. pyrenaicus from Sant Jaume de Frontanya-3C after
Minwer-Barakat et al. (2010); data for P. saalae from Geiseltal-Obere Mittelkohle after Thalmann (1994); data for P. crusafonti from Grisolles after Louis and Sudre (1975); data for
P. reguanti from Sant Cugat de Gavadons after Minwer-Barakat et al. (2013a); data for P. godinoti from Fonollosa-13 after K€ohler and Moya-Sola (1999); data for P. cuestai from








teeth the paracristid continues in a sharp premetacristid that
connects to the metaconid, closing the trigonid basin lingually. In
the other one, the premetacristid does not join the paracristid and
the trigonid basin is partially open lingually (Fig. 7K). The cristid
obliqua is sharp and ends at the level of the trigonid notch in one
specimen and on the distal side of the protoconid in the other two
teeth. The hypoconulid is prominent and situated in a central po-
sition between the entoconid and hypoconid. The buccal cingulid
starts at the middle of the mesial side of the tooth, surrounds the
buccal border and ends at the level of the hypoconulid in one
specimen, reaching the distolingual corner of the tooth in the other
two. There is no lingual cingulid.
C1: The outline is elliptical, clearly longer thanwide. The base of
the enamel rises at the mesial side of the tooth. The apex is pointed.
Both the anterocrista and the posterocrista are sharp. The ante-
rocrista continues in a well-marked lingual cingulum that sur-
rounds the lingual border. A much weaker cingulum is observed on
the distobuccal base of the tooth.
P4: A small premolar, clearly wider than long. The paracone is
high. The anterocrista is short and directed mesially. The poster-
ocrista runs distally from the paracone and curves buccally, forming
a distinct metastyle. The lingual lobe is broad and bears a perfectly
differentiated, pointed protocone. The precingulum and the post-
cingulum connect to the protocone. There is also a weak cingulum
occupying the entire buccal border.
3.9. Comparisons
The teeth of P. parvulus from La Verrerie de Roches are similar to
those of the same species from other localities. The specimens from
VRD are identical in size to those of P. parvulus from Le Bretou
(MP16, Godinot, 1988a), and slightly smaller than those from other
more recent localities, such as Perriere and Sossís (MP17, Godinot,
1983; Minwer-Barakat et al., 2015b, Fig. 8). There are no signiﬁ-
cant morphological differences between the lower molars, the C1
and the P4 of P. parvulus from VDR and those from other samples of
the same species. The only observed difference is the presence of a
cristid that runs distobuccally from the protoconid, delimitating a
deep talonid basin, in the P4 of P. parvulus from other sites such as
Sossís (Minwer-Barakat et al., 2015b). This cristid is barely marked
in specimen NMB V.R.113 from VDR and absent in NMB V.R.115.
All the teeth from VDR attributed to P. parvulus are markedly
smaller than those of Pseudoloris pyrenaicus from Sant Jaume de
Frontanya-3C and 3D (Fig. 8). Moreover, in the lower molars of
P. pyrenaicus the paracrisitid is notably higher and thicker than in
those of P. parvulus from VDR. Furthermore, the protocone is more
developed in the P4 of P. parvulus fromVDR than in the premolars of
P. pyrenaicus from SJF.
The lower molars and the P4 of P. parvulus from VDR are
markedly smaller than those of P. godinoti from Fonollosa-13
(K€ohler and Moya-Sola, 1999), P. crusafonti from Grisolles (Louis
and Sudre, 1975) and P. cuestai from Mazateron (Minwer-Barakat
et al., 2012). Furthermore, the single M1 of P. godinoti displays a
distinct paraconid that is absent in the molars from VDR.
The species P. saalae, P. isabenae and P. reguanti are known from
only their lower dentition. P. parvulus from VDRmainly differs from
P. reguanti in the much smaller size (Minwer-Barakat et al., 2013a).
The lower molars of P. saalae and P. isabenae have a distinct para-
conid that is absent in P. parvulus, and the cristid obliqua of P. saalae
occupies a more buccal position than in P. parvulus.
3.10. Remarks on the genus Pseudoloris
The great difference in size among the lower molars of Pseu-
doloris from La Verrerie de Roches evidences the presence of two
species (Fig. 8). The smallest molars (NMB V.R.116, 118 and 119) ﬁt
the size range of P. parvulus (they resemble, in particular, those
from Le Bretou), and are smaller than those of the rest of known
species of Pseudoloris. Their morphology, with sharp and low par-
acristids, is also similar to that of P. parvulus, so they can be conﬁ-
dently attributed to this species.
The large lower molars from La Verrerie de Roches are similar in
size to those of several species of Pseudoloris (P. pyrenaicus, P.
cuestai, P. godinoti). The M12 ﬁts the size of P. pyrenaicus from SJF-
3C (Fig. 8), and displays a very reduced hypocone, a feature that is
not observed in any other species of the genus. Therefore, the large
form present in VDR can be assigned to P. pyrenaicus.
La Verrerie de Roches represents the ﬁrst record of P. pyrenaicus
outside the Iberian Peninsula and, more importantly, the ﬁrst lo-
cality in which two different species of Pseudoloris have been
identiﬁed. Minwer-Barakat et al. (2010, 2015b) proposed a lineage
formed by the species P. saalae, P. isabenae, P. pyrenaicus and
P. parvulus, thus suggesting an ancestor-descendant relationship for
the last two species. Whether their presence in VDR corresponds to
a mixture of remains of different ages or if these two species
coexisted during the same time span will be discussed in the next
section.
Figure 9. ESEM images of the teeth of Adapiformes from La Verrerie de Roches. AeC: left M1 of Anchomomyini indet. (NMB V.R.125) in occlusal (A), buccal (B) and lingual (C) views;








Suborder STREPSIRRHINI Geoffroy Saint-Hilaire, 1812






M1: The trigonid is narrower than the talonid. A paraconid is
present on the paracristid. The paracristid does not reach the base
of the metaconid, leaving the trigonid open lingually. The hypo-
conulid is poorly developed. The cristid obliqua reaches the buccal
base of the metaconid. There is a buccal cingulid present from the
buccal base of the paraconid to the base of the hypoconulid,
interrupted at the base of the hypoconid.
3.12. Measurements
Length: 2.96 mm; width: 1.88 mm.
3.13. Comparisons
This tooth presents the typical anchomomyin morphology. It
has thus been compared to all anchomomyin species for which the
M1 is known. The M1 from La Verrerie de Roches overlaps in size
with Mazateronodon endemicus and it is also closer in size to one
specimen of Buxella prisca (Fig. 10). It is much larger than
Anchomomys and Nievesia, and much smaller than Buxella magna. It
is similar in length to some specimens of Periconodon huerzeleri and
P. jaegeri, although it is much narrower.
The specimen fromVDR is very similar inmorphology to allM1 of
Anchomomys. The paraconid is more developed and more lingual
than in A. crocheti (Saint-Martin-de-Londres, MP13), A. cf. quercyi
(Le Bretou,MP16) andA. gaillardi (Lissieu,MP14), and the paracristid
ends more mesially than in A. gaillardi. The paraconid is similar to
that of Anchomomys cf. pygmaeus from Egerkingen gamma (MP13)
and A. cf. quercyi (MP17a, La Boufﬁe and Fons-1). The cristid obliqua
is positioned slightly more buccally than in Anchomomys cf. pyg-
maeus and the paracristid ends more medially than in A. cf. quercyi.
The specimen from VDR is very similar to A. frontanyensis from Sant
Jaume de Frontanya 3C and 3D (MP15), only differing from it in size
and in the less developed buccal cingulid.
Nievesia and Mazateronodon differ from the anchomomyin
found in VDR in having no paraconid in the M1, and presenting a
paracristid that reaches the metaconid, closing the trigonid basin
lingually. Buxella presents a much shorter trigonid in the M1 than
the anchomomyin from VDR, and thus a smaller trigonid basin.
Regarding Periconodon, its M1 is much broader than that from VDR,
its buccal cingulid is muchmore developed and it is not interrupted
at the level of the hypoconid. The paraconid, when present, is not
well-developed, and the paracristid reaches the base of the
metaconid.
3.14. Remarks on the genus Anchomomys and other
anchomomyins
We have included comparisons of the material from La Verrerie
de Roches with the genus Periconodon because it was traditionally
considered an anchomomyin (Godinot, 1988b), although it has
lately been considered more closely related to another group of
cercamoniines including the genera Agerinia and Darwinius
(Godinot, 2015).
The tribe Anchomomyini is considered now to be restricted to
the genera Anchomomys, Buxella, Nievesia and Mazateronodon
Figure 10. Size graphs (length  width) of the M1, M2 and M1e2 (undifferentiated) of different species of the genera Anchomomys, Buxella, Nievesia, Mazateronodon, Periconodon,
Microadapis, as well as the new adapiform material from La Verrerie de Roches presented in this work. Measurements of material from VDR (Anchomomyini indet. and Microadapis
cf. sciureus) have been taken directly from the original material. Data for Anchomomys frontanyensis after Marigo et al. (2011); data for other Anchomomys species taken from high
quality casts and from Godinot (1988a,b); data for Nievesia sossisensis after Marigo et al. (2013); data for Mazateronodon endemicus after Marigo et al. (2010); data for Periconodon








(Godinot, 2015), and, even though it is still included in Cercamo-
niinae following traditional systematic studies, its phylogenetic
position remains controversial. Recent studies have presented re-
sults of phylogenetic analyses that recover anchomomyins outside
of a monophyletic Adapiformes, and more closely related to azi-
biids, djebelemurines and extant strepsirrhines (Marigo et al., 2011,
2013, 2016; Femenias-Gual et al., 2017).
The anchomomyin from La Verrerie de Roches is morphologi-
cally very similar to A. frontanyensis from Sant Jaume de Frontanya-
3 (Marigo et al., 2011), although much larger (Fig. 10). The genus
Anchomomys was deﬁned by Stehlin (1916) to describe the type
species A. gaillardi from Lissieu (France). Later on, Godinot (1988b)
revised the genus and suggested that all known species corre-
sponded to a single lineage. However, the description of the species
A. frontanyensis in the Spanish Pyrenees (Marigo et al., 2011), of the
same age as A. gaillardi from Lissieu and showing clear morpho-
logical as well as size differences, suggested the existence of at least
two lineages in Europe at that time, and thus a more complex
phylogeny than previously hypothesized by Godinot (1988b).
Family ADAPIDAE Trouessart, 1879.
Genus MICROADAPIS Szalay, 1974.
Microadapis cf. sciureus (Stehlin, 1916)
Fig. 9DeF
3.15. Description
M2: Well-preserved tooth with quite thick enamel. Subquadrate
in shape, with trigonid slightly narrower than the talonid. Well-
developed and bulbous cusps. No paraconid, but paraconid shelf
present. Paracristid reaches mesiolingual base of metaconid. Met-
astylid present, followed by a talonid notch between metaconid
and entoconid. Another talonid notch, although much smaller, is
observed between the entoconid and hypoconulid. Well-developed
hypoconulid. Cristid obliqua reaches base of trigonid notch be-
tween the protoconid and metaconid. Buccal cingulid present from
buccal base of paraconid shelf to buccal base of hypoconulid, being
interrupted at the base of the hypoconid.
3.16. Measurements
Length: 3.75 mm; width: 2.68 mm.
3.17. Comparisons
This tooth shows a clear adapidmorphology due to the presence
of a talonid notch between the metaconid and entoconid, as well as
the presence of a metastylid. The only European adapid of this
small size is the genusMicroadapis, represented by a single species,
Microadapis scriureus from Egerkingen gamma (MP13,
Switzerland). The tooth from La Verrerie de Roches is very similar
to the M2 of the holotype of Microadapis sciureus (NMB Eh 750) in
both size and morphology, although the latter is slightly smaller
(see Fig. 10). The metastylid of NMB V.R.126 is slightly more
marked.We have described the tooth fromVDR as anM2 because of
its asymmetrical paraconid shelf, more developed on its buccal
side, as well as the presence of a metastylid, and because of the
position of its cristid obliqua. The M1 of the holotype of M. sciureus
has no metastylid, a more symmetrical and less developed para-
conid shelf, and a more lingual cristid obliqua.
3.18. Remarks on the genus Microadapis
The genus Microadapis is represented by only the holotype of
M. sciureus (NMB Eh 750). The material was originally described by
Stehlin (1916), who attributed it to the new species Adapis sciureus.
Later on, Szalay (1974) separated it from Adapis and transferred the
material to the new genus Microadapis. Finally, Schwartz and
Tattersall (1982) transferred most of the original referred material
to the new genus Simonsia, leaving M. sciureus represented by only
the type material. Gebo (2002), in his revision of the Adapiformes,
stated that Microadapis has non-molarized fourth premolars,
although they are clearly molarized in the type specimen.
The tooth from VDR is quite similar to the M2 of M. sciureus.
However, given the scarcity of material and the presence of some
differences, we prefer not to give a deﬁnitive speciﬁc assignment to
this tooth at this time.
4. Discussion
4.1. On the age of La Verrerie de Roches
The mammal assemblage from La Verrerie de Roches recently
studied by Becker et al. (2013), mainly consisting of rodent remains
from a single karstic ﬁssure ﬁlling, was allocated to the Robiacian
European Land Mammal Age (Middle Eocene). More speciﬁcally,
this locality was assigned to the MP16 Reference Level although,
according to these authors, the studied sample includes some taxa
also recognized in the MP15 Reference Level (namely Elfomys
tobieni). The age of the other karstic ﬁssure ﬁllings is unclear due to
the lack of any precise provenance information. However, a similar
age can be supposed for all these ﬁssures which form a unique
homogeneous karstic network, based on similar sedimentological
features and bone preservation, as well as similar amphibian and
reptile assemblages from these deposits (Davit Vasilyan, pers.
comm.). Besides, our study of the primates from La Verrerie de
Roches provides further information about the relative age of this
fossil site, thanks to the presence of abundant dental remains of
Necrolemur and Pseudoloris that allow detailed comparisons with
the material from other well-dated localities.
The size and morphology of N. aff. anadoni from VDR clearly
indicate an intermediate position between N. anadoni and
N. antiquus. To date, N. anadoni has been found only in SJF-1 (type
locality) and SJF-2 (some meters below), both assigned to MP15
(Minwer-Barakat et al., 2015a; Bonilla-Salomon et al., 2016). On the
other hand, the oldest localities yielding remains of N. antiquus
(Robiac, Le Bretou, Lavergne) are assigned to MP16 (Legendre et al.,
1997). Therefore, the analysis of the sample of Necrolemur from
VDR suggests an age between MP15 and MP16.
Regarding Pseudoloris, the species P. pyrenaicus has been iden-
tiﬁed in only the levels SJF-3C and 3D, which are slightly older than
SJF-1 and 2. On the other hand, P. parvulus is a common species in
fossil sites assigned to MP16 (Le Bretou) and MP17 (La Boufﬁe,
Sossís, Perriere). Hence, the joint record of these two species in VDR
is also consistent with an age between the reference levels MP15
and 16. The species P. pyrenaicus and P. parvulus have been inter-
preted as ancestor and descendant respectively by Minwer-Barakat
et al. (2010, 2015b). The presence of both forms in the sample from
VDR may indicate a mixture of remains of different ages. This
possibility cannot be ruled out; indeed, time averaging is common
in faunal assemblages accumulated in karstic ﬁssures. Moreover,
the studied remains were recovered in various ﬁeld campaigns, and
thus it is possible that they come from diverse levels of slightly
different age.
Therefore, two different hypotheses arise. In the ﬁrst one
(Fig. 11A), the sample from VDR would correspond to a single level
with no signiﬁcant time averaging. In this case, the species
P. pyrenaicuswould have coexisted with its descendant, P. parvulus,
at least during a short time span. According to the second hy-








somewhat longer time interval, thus corresponding to a mixture of
remains of slightly different ages. In this case, remains of
P. pyrenaicus and P. parvulus would appear together as a conse-
quence of temporal mixing, without implying the coexistence of
these species. In any case, the studied sample corresponds to a
relatively short and well-delimitated time interval, and can be
allocated between the MP15 and MP16 reference levels, being
younger than SJF-1 and older than the most ancient fossil sites
yielding remains of N. antiquus and P. parvulus.
The description of MP15 is particularly problematic. The locality
originally proposed as the MP15 reference level was La Liviniere 2
(Schmidt-Kittler, 1987; Aguilar et al., 1997) but, according to Comte
et al. (2012), the scarce rodent remains that were supposed to come
from this fossil site most probably come from younger localities, as
exogenous pollution incorporated during the processing of the
samples. Indeed, all the rodent species identiﬁed in the sample
from La Liviniere 2 were also already recognized in Robiac (MP16),
so La Liviniere 2 must no longer be considered a biostratigraphic
marker (Comte et al., 2012; Bonilla-Salomon et al., 2016). Other
sites have been proposed as reference localities of the MP15, but no
formal decision has been accepted. This is the case of Chery-Char-
treuve (Comte et al., 2012) and SJF-1 (Bonilla-Salomon et al., 2016)
having yielded rodent assemblages with intermediate character-
istics between older (MP14, Egerkingen, Lissieu) and younger
(MP16, Robiac, Grisolles, Le Bretou) faunas. As argued by Bonilla-
Salomon et al. (2016), the reference locality for the standard-level
MP15 could be placed in some of the fossil-bearing levels from
the Sant Jaume de Frontanya section, when their faunas are fully
studied.
Despite this controversy, the assignment of SJF-1 to theMP15, as
an intermediate level between MP14 and MP16, is consistent with
the study of the primates found in that site (Minwer-Barakat et al.,
2015a) and in the slightly older levels named SJF-3C and 3D
(Minwer-Barakat et al., 2010; Marigo et al., 2011). Therefore, and
pending a formal assignment of a new reference level for MP15, the
primates from La Verrerie de Roches indicate a position between
MP15 and MP16 reference levels, including species previously
recognized in MP15 sites (P. pyrenaicus), MP16 localities
(P. parvulus), as well as intermediate forms (N. aff. anadoni, with
transitional features between N. anadoni from SJF-1 and N. antiquus
from MP16 fossil sites).
4.2. Paleobiogeographic distribution of the studied taxa
The study of the paleobiogeographic distribution of mammals
throughout the Eocene has led to the recognition of strong differ-
ences between the faunas from the central and western Iberian
basins and those of Northeastern Spain and the rest of the European
continent, mainly during the Middle Eocene. These differences
allowed the description of the Western Iberian Bioprovince (WIB),
an area including several central and western basins from Spain
(Duero, Almazan, Miranda-Trebi~no, Oviedo), characterized by
mammals (rodents, perissodatyls and artiodactyls) signiﬁcantly
different from those of the Pyrenean basins and elsewhere in
Europe (see Badiola et al., 2009 and references therein). The pri-
mates described from the Middle Eocene site of Mazateron in the
Almazan Basin (central Spain), unknown outside of the WIB, rein-
forced the endemic nature of the faunas from this province (Marigo
et al., 2010; Minwer-Barakat et al., 2012). The connection of theWIB
with the main European continent seems to have been reestab-
lished by the Late Eocene, according to the presence of typical
European artiodactyls (Badiola, 2004; Badiola et al., 2009) and
primates (Minwer-Barakat et al., 2013b) in the Headonian (MP18)
site of Zambrana in the Miranda-Trebi~no Basin.
Middle Eocene primates from the Eastern Iberian Peninsula
have been described from only the Sant Jaume de Frontanya section
in the Pyrenees (Minwer-Barakat et al., 2010, 2015a; Marigo et al.,
2011). However, their comparison with similar-aged faunas from
other European areas has been difﬁcult due to the scarcity of fossil
sites assigned to MP15. For instance, despite the extraordinary
richness of fossil localities described in the Quercy phosphorites,
ranging in age from the early Middle Eocene (MP11) to the Late
Oligocene (MP28), none of them has been assigned to the MP15
(Legendre et al., 1997). As a result, La Verrerie de Roches deserves
particular attention since it is one of the few localities of that age
found in central Europe and, in addition, it contains several taxa
never before identiﬁed outside the Iberian Peninsula.
Previously, P. pyrenaicuswas known fromonly the oldest levels of
the Sant Jaume de Frontanya section (SJF-3C and 3D). The ﬁnding of
this species in VDR shows that its distribution extended far from the
Iberian Peninsula and included Central Europe. It is thus conﬁrmed
that the absence of this species in other European areas was due to
the scarcity of localities of that age, and not to biogeographical
Figure 11. Stratigraphical distribution of several species of the genera Nannopithex, Necrolemur and Pseudoloris in several Middle and Late Eocene European localities, referred to the
corresponding Mammal Paleogene Units (MP) and European Land Mammal Ages (ELMAs). Proposed ancestor-descendant relationships (Nannopithex ﬁlholi-Necrolemur anadoni-
Necrolemur aff. anadoni-Necrolemur antiquus; Pseudoloris pyrenaicus-Pseudoloris parvulus) are indicated by oblique lines. Hypothesis A: La Verrerie de Roches represents a short time
span, without signiﬁcant time averaging; Pseudoloris pyrenaicus coexisted with its putative descendant P. parvulus. Hypothesis B: La Verrerie de Roches represents a longer interval,








reasons. The species P. parvulus, on the contrary, is well-known both
in the Pyrenees (Sossís, MP17; Minwer-Barakat et al., 2015b) and
northwards in France (Le Bretou, MP16; La Boufﬁe, Perriere,
Malperie, MP17; Godinot, 1983), England (Hordle Cliff, MP17; Cray,
1973) and Switzerland (Eclepens B, MP17; Hooker and Weidmann,
2000). The geographic distribution of these two species, forming
part of the same evolutionary lineage, occupied a broad area from
the Northeastern Iberian Peninsula to Central Europe and England,
thus supporting the connection of the Pyrenees with the rest of the
European continent during the Middle Eocene.
Similarly, N. anadoni was previously known from only Sant
Jaume de Frontanya. The identiﬁcation of a closely related form (N.
aff. anadoni) in La Verrerie de Roches indicates that the lineage
leading from N. anadoni to N. antiquus (the latter already well
known in France and Switzerland) was widespread in Central
Europe, at least, in the middle Robiacian (MP15-16). Again, the
absence of the earliest forms of the genus Necrolemur (N. anadoni)
in Central Europe may be due to the scarcity of fossil localities
corresponding to the MP15 reference level.
Summarizing, the ﬁnding in VDR of forms that were only known
previously from the Pyrenees gives further support to the idea of a
connection between NE Iberia and Central Europe during the
Middle Eocene.
5. Conclusions
The Middle Eocene primate assemblage from La Verrerie de
Roches (Jura, Switzerland) is described in detail. The studied ma-
terial comprises more than 80 dental remains, representing ﬁve
different primate taxa. The abundant remains of the microchoerine
genus Necrolemur have been ascribed to N. aff. anadoni. This form
resembles the speciesN. anadoni from Sant Jaume de Frontanya (NE
Spain) in size and morphology, but it also displays some features
that are similar to those of N. antiquus, a common species in the
Middle and Late Eocene of Central Europe. Moreover, the genus
Pseudoloris is represented in La Verrerie de Roches by two species:
the small P. parvulus and the larger P. pyrenaicus. This is theﬁrst time
that these two species have been recorded in the same fossil site.
Adapiformes are represented by a single tooth assigned to M. cf.
sciureus and another tooth of an undetermined large anchomomyin.
La Verrerie de Roches was assigned to the MP16 reference level
by Becker et al. (2013) on the basis of the study of a recently
recovered sample, mainly consisting of rodent remains. The study
of the primates from the collections housed in the NMB conﬁrms
the Robiacian age of La Verrerie de Roches. More speciﬁcally, and
despite the possible temporal mixing due to the incorporation of
material from different ﬁssure ﬁllings, we can situate La Verrerie de
Roches between the MP15 and MP16 reference levels. La Verrerie
de Roches represents therefore one of the oldest records of the
lineage N. anadoni-N. antiquus, being slightly younger than the
Spanish site of Sant Jaume de Frontanya-1.
Furthermore, La Verrerie de Roches represents the ﬁrst record of
several primate taxa outside the Iberian Peninsula: P. pyrenaicus and
a formclosely related toN. anadoni, whichwere previously identiﬁed
only in the Sant Jaume de Frontanya section. The absence of these
microchoerines in Central Europe previously was due to the scarcity
of fossil sites assigned to MP15 rather than to any paleobiogeo-
graphical reason. The presence of these primates in Switzerland
constitutes new evidence of the connection of the Northeastern
Iberian Peninsula and Central Europe during the Robiacian.
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